Identification of Medicare Recipients at Highest Risk for Clostridium difficile Infection in the US by Population Attributable Risk Analysis by Dubberke, Erik R et al.
Dartmouth College
Dartmouth Digital Commons
Open Dartmouth: Faculty Open Access Articles
2-9-2016
Identification of Medicare Recipients at Highest
Risk for Clostridium difficile Infection in the US by
Population Attributable Risk Analysis
Erik R. Dubberke
Washington University School of Medicine, St. Louis
Margaret A. Olsen
Washington University School of Medicine, St. Louis
Dustin Stwalley
Washington University School of Medicine, St. Louis
Ciarán P. Kelly
Harvard Medical School
Dale N. Gerding
Loyola University Chicago Stritch School of Medicine
See next page for additional authors
Follow this and additional works at: https://digitalcommons.dartmouth.edu/facoa
Part of the Health Services Research Commons
This Article is brought to you for free and open access by Dartmouth Digital Commons. It has been accepted for inclusion in Open Dartmouth: Faculty
Open Access Articles by an authorized administrator of Dartmouth Digital Commons. For more information, please contact
dartmouthdigitalcommons@groups.dartmouth.edu.
Recommended Citation
Dubberke, Erik R.; Olsen, Margaret A.; Stwalley, Dustin; Kelly, Ciarán P.; Gerding, Dale N.; Young-Xu, Yinong; and Mahé, Cedric,
"Identification of Medicare Recipients at Highest Risk for Clostridium difficile Infection in the US by Population Attributable Risk
Analysis" (2016). Open Dartmouth: Faculty Open Access Articles. 2762.
https://digitalcommons.dartmouth.edu/facoa/2762
Authors
Erik R. Dubberke, Margaret A. Olsen, Dustin Stwalley, Ciarán P. Kelly, Dale N. Gerding, Yinong Young-Xu,
and Cedric Mahé
This article is available at Dartmouth Digital Commons: https://digitalcommons.dartmouth.edu/facoa/2762
RESEARCH ARTICLE
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Abstract
Background
Population attributable risk percent (PAR%) is an epidemiological tool that provides an esti-
mate of the percent reduction in total disease burden if that disease could be entirely elimi-
nated among a subpopulation. As such, PAR% is used to efficiently target prevention
interventions. Due to significant limitations in currentClostridium difficile Infection (CDI) pre-
vention practices and the development of new approaches to prevent CDI, such as vaccina-
tion, we determined the PAR% for CDI in various subpopulations in the Medicare 5%
random sample.
Methods
This was a retrospective cohort study using the 2009 Medicare 5% random sample. Comor-
bidities, infections, and healthcare exposures during the 12 months prior to CDI were identi-
fied. CDI incidence and PAR%were calculated for each condition/exposure. Easy to
identify subpopulations that could be targeted from prevention interventions were identified
based on PAR%.
Findings
There were 1,465,927 Medicare beneficiaries with 9,401 CDI cases for an incidence of 677/
100,000 persons. Subpopulations representing less than 15% of the entire population and
with a PAR% 30% were identified. These included deficiency anemia (PAR% = 37.9%),
congestive heart failure (PAR% = 30.2%), fluid and electrolyte disorders (PAR% = 29.6%),
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urinary tract infections (PAR% = 40.5%), pneumonia (PAR% = 35.2%), emergent hospitali-
zation (PAR% = 48.5%) and invasive procedures (PAR% = 38.9%). Stratification by age
and hospital exposures indicates hospital exposures are more strongly associated with CDI
than age.
Significance
Small and identifiable subpopulations that account for relatively large proportions of CDI
cases in the elderly were identified. These data can be used to target specific subpopula-
tions for CDI prevention interventions.
Introduction
The incidence and severity of Clostridium difficile infection (CDI) have increased significantly
in the last decade, and it was the most common pathogen causing healthcare-associated infec-
tions in 2011 [1–3]. It is estimated there were 453,000 incident CDI episodes and 29,300 deaths
in the US due to CDI in 2011 [4]. CDI is estimated to result in at least $4.8 billion in excess U.S.
inpatient hospitalization costs [5]. In addition, CDI adds to morbidity, increasing the likeli-
hood of discharge to long term care facilities (vs. home) by 60% and hospital readmission more
than two-fold [6].
Despite increases in CDI burden, our understanding of CDI epidemiology from a popula-
tion perspective remains incomplete. Most studies have focused on the hospital setting and
identifying individual risk factors for CDI [7,8]. However, a population-based approach is typi-
cally used to improve health and prevent disease within a population. One tool used to identify,
and target, populations at risk for a preventable disease is population attributable risk percent
(PAR%) [9]. PAR% provides an estimate of the percent reduction in total disease burden (e.g.
lung cancer) if the incidence of that disease among a subpopulation (e.g. smokers) could be
entirely eliminated. A more comprehensive understanding of CDI epidemiology that defines
both populations at higher risk and the size of those populations is needed to assist clinicians,
researchers, and policy makers to develop the most effective methods for CDI surveillance and
prevention, and focus these efforts on persons most likely to benefit.
Several initiatives to improve our knowledge of CDI epidemiology exist, but none address
the prevalence of exposures from a population perspective needed to optimize CDI prevention.
The Centers for Disease Control and Prevention (CDC) Emerging Infections Program (EIP)
initiated population-based surveillance for CDI in 2009, providing important information on
persons who develop CDI, the settings where CDI onset occurs, and prevalent strains in the
community and hospitals [4]. However, since data are obtained only from CDI cases, it is not
possible to determine the incidence of CDI for different subpopulations [10]. The Healthcare
Cost and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS) has been used to cal-
culate national estimates of CDI hospitalizations. The NIS does not link patients stays over
time, resulting in an over-estimation of CDI incidence and prevalence [1,11]. The CareFusion
and Premier Perspective clinical research databases have also been used to study CDI [12,13].
With these datasets only inpatient data are available from a restricted subset of hospitals, limit-
ing their usefulness to determine population characteristics associated with CDI. Private insur-
ance claims databases have also been analyzed. Limitations of these studies include a restricted
geographic area based on the insurance provider coverage and a younger, healthier patient
population at lower risk of CDI [14,15].
CDI PAR%
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Most of these aforementioned approaches have been focused on identifying and quantifying
risk factors for CDI, but the burden of CDI in different subpopulations and the proportion of
CDI cases associated with the different subpopulations have not been clearly established. This
information is needed to optimize surveillance efforts, identify new opportunities for preven-
tion, and to prioritize efficient population-based interventions. Comprehensive data are avail-
able from both the inpatient and outpatient settings in the Medicare 5% random sample, which
allows for the study of CDI at the population level. To improve our understanding of CDI in
the elderly from a population perspective, we conducted a retrospective cohort study using the
Medicare 5% random sample.
Methods
Data Sources and Study Design
The 2009 Medicare 5% random sample (Chronic Condition Warehouse) was used for this
study. Data on inpatient, outpatient, skilled nursing, and Part D outpatient drug data (see SI
File for details) were used. Medicare Part A and Part B fee-for-service coverage from January 1,
2008 through December 31, 2009 (or through death) was required. Approval to conduct this
research was obtained from the Washington University School of Medicine Human Research
Protection Office. A waiver of informed consent was granted. Data were deidentified.
Outcomes and Definitions
CDI case identification. The first episode of CDI was identified for each person in 2009.
Criteria for CDI included any of the following:
1. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis code for CDI (008.45) during an inpatient hospital stay;
2. 008.45 ICD-9-CM code in an outpatient encounter (excluding claims with place of service
code, provider type code, or type service code of diagnostic laboratory, or if the only UB-92
revenue center codes were for laboratory services (0300–0309));
3. Outpatient CDI therapy (non-topical metronidazole, oral vancomycin) within 14 days of a
claim for a C. difficile test.
The date of CDI onset was defined as the first date with a coded diagnosis of CDI, unless
additional information was available for an earlier onset based on symptoms or other indica-
tions of CDI (e.g. diagnosis of diarrhea, see S1 File). Every person was assigned an index date.
For persons with CDI, the index date was the date of onset of CDI. For persons without CDI,
an index date was randomly assigned such that the distribution of index dates among persons
without CDI mirrored the distribution of index dates of people with CDI. Definitions for
comorbidities, prior infections, and healthcare exposures are provided in S1 File.
Analyses
The incidence of CDI per 100,000 persons was calculated overall and for all of the comorbidi-
ties, infections and healthcare exposures (the subpopulations or exposures). The relative risk
and PAR% for each subpopulation were calculated using formula two in Rockhill et al[16] as
follows: PAR% = (P(E) x (RR—1))/ ((P(E) x (RR—1)) + 1)
Where P(E) = prevalence of the exposure and RR = relative risk. PAR% is a comparison of
the incidence rate of the outcome (i.e. CDI) in the exposed group (i.e. subpopulation: comor-
bidity, infection, or healthcare exposure) with the incidence in the counterfactual situation in
CDI PAR%
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which the exposure is absent, and gives an estimate of the percent reduction in CDI cases in
the total population if the incidence of CDI among people with the exposure could be entirely
eliminated [17]. CDI incidence and PAR% for each subpopulation were then stratified by time
from the last exposure to the index date (3, 3–6, and 6–12 months, for infection and health-
care exposures only), age (66–70, 71–75, 76–80, 81–85,>85), and hospitalization in the three
months prior to the index date (no hospitalization, non-emergent hospitalization, emergent
hospitalization). SAS version 9.3 (Cary, N.C.) and SPSS version 21 (IBM Statistics, Chicago,
IL.) were used for analyses. This study received approval from the Washington University
Human Research Protection Office.
Results
There were 1,465,927 persons in the Medicare data with a total of 488,344 hospitalizations and
11,385,402 outpatient visits in 2009 (Table 1). The overall incidence of CDI per 100,000 per-
sons was 677. The prevalence of comorbidities, and CDI incidence and PAR% for each comor-
bidity are in Table A in S1 File and Figs 1 and 2. None of the comorbidities in the top three of
CDI incidence (weight loss 4,124/100,000, paralysis 4,011/100,000, blood loss anemia 3,305/
100,000) were in the top three for PAR% because of the relatively low prevalence of these con-
ditions. The comorbidities in the top three for PAR% were hypertension (60.6%), deficiency
anemia (37.9%), and congestive heart failure (30.2%). 793,466 (54.1%) of people had hyperten-
sion. Discarding hypertension, fluid and electrolyte disorder would be in the top three PAR%
(29.6%), and the prevalence of these three comorbidities with a top PAR% would be lower than
13%.
The incidence of CDI and PAR% were also calculated for a variety of infections and health-
care exposures. As more time elapsed between the infections and healthcare exposures exam-
ined and the index date, in general the CDI incidence and PAR% decreased, indicating most
CDI cases occurred within three months of the inciting infection or healthcare exposure
(Table A in S1 File). As a result, the focus of the infection and healthcare exposures were on the
results within three months before the index date. The relative changes over time in CDI inci-
dence and PAR% were lowest for “chronic” health exposures, i.e. outpatient dialysis and nurs-
ing home residence.
The incidence of CDI was highest for several acute infections (Table A in S1 File and Figs 1
and 2). Less than 25% of Medicare beneficiaries had one or more infections within three
months before the index date, but the PAR% for people with at least one infection was 744%.
Table 1. Characteristics of the study population.
Characteristic Number (%)
Population size 1,465,927
Female 897,227 (61.2)
White race 1,266,929 (86.4)
Number of people with  1 hospitalization 279,797 (19.1%)
Total number of hospitalizations 488,344
Number of people with  1 outpatient encounter 1,297,518 (88.5%)
Number of outpatient visits 11,385,402
Number of people with 1 or more episodes of CDI 9,401 (0.64%)
Incidence of CDI/100,000 persons ( 1 episode)* 677
* Person-year exposure was censored for death
doi:10.1371/journal.pone.0146822.t001
CDI PAR%
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Fig 1. CDI incidence and CDI population attributable risk percent (PAR%) of comorbidities (A), infections
within 3 months of CDI (B), and healthcare exposures within 3 months of CDI (C). No NH / No SNF = people
without a nursing home or skilled nursing facility exposure within 3 months of CDI; Yes NH / No
SNF = nursing home residents without a skilled nursing facility exposure within 3 months of CDI; No NH / Yes
SNF = people without a nursing home exposure but with a skilled nursing facility exposure within 3 months of
CDI; Yes NH / Yes SNF = nursing home residents.
doi:10.1371/journal.pone.0146822.g001
Fig 2. Graph of populations size (X-axis) versus CDI incidence (Y-axis) of comorbidities, infections within three months of CDI, and healthcare
exposures within three months of CDI. The size of the circles represents the relative difference in population attributable risk percent (PAR%) for each
exposure examined. (Comorbidities (blue bubbles): ANY COMORB = any comorbiditiy, ARTH = arthritis, BL ANEM = blood loss anemia, CA = solid tumor,
CHF = congestive heart failure, COAG = coagulopathy, COPD = chronic lung disease, DEF ANEM = deficiency anemia, DEP = depression, DIAB = diabetes
mellitus, FED = fluid and electrolyte disorder, HTN = hypertension, HYPOT4 = hypothyroid, LYMPH = lymphoma, MTCA = metastatic cancer, NEUR = other
neurological disorder, OBES = obesity, PARAL = paralysis, PSY = psychoses, PULM CD = pulmonary circulatory disorder, PVD = peripheral vascular
disease, RF = renal failure, VALVE = valvular disease, WT LOSS = weight loss; Infections (red bubbles): ABSC = abscess in organ/meningitis; ANY
INF = any infection, B&J = bone/joint infection, GASTRO = gastroenteritis, GYN = female pelvic infection, INTRA ABD = intra-abdomional abscess/peritonitis,
OM = otitis media, ORAL ABSC = oral abscess, PNA = pneumonia, SEPSIS = clinical sepsis, SEPT = septicemia/endovascular infection, SSI = surgical site
infection, SSTI = skin/soft tissue infection, TONSIL = tonsillitis, URTI = upper respiratory tract infection, UTI = urinary tract infection, VIRAL = viral infection;
Healthcare exposures (green bubbles): DIAL = outpatient dialysis, ED visit = emergency department visit without hospitalization, ELECT HOSP = non-
emergent hospitalization, EMERGHOSP = emergent hospitalization, 2+ HOSP YEAR = at least two hospitalizations in the last year; INV = any invasive
procedure, OUTPT INV, outpatient invasive procedure, SURG = surgery; Yes NH / No SNF = nursing home residents without a skilled nursing facility
exposure within 3 months of CDI; No NH / Yes SNF = people without a nursing home exposure but with a skilled nursing facility exposure within 3 months of
CDIAge (clear bubbles): 66–70 = 66 to 70 years old, 71–75 = 71 to 75 years old, 76–80 = 76 to 80 years old, 81–85 = 81 to 85 years old, 85+ = >85 years old)
doi:10.1371/journal.pone.0146822.g002
CDI PAR%
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Only one infection in the top three for CDI incidence (septicemia 19,710/100,000, clinical sep-
sis 16,825/100,000, and gastroenteritis 13,239/100,000) was in the top three for PAR% (septice-
mia, 24.8%). The other two infections in the top three for PAR% were urinary tract infection
(40.5%) and pneumonia (35.2%). The prevalence of all top three PAR% infections was lower
than 8.0%.
More frequent healthcare exposures and healthcare exposures associated with greater acuity
of illness were associated with a higher CDI incidence. The CDI incidence was higher if the
person had at least two hospitalizations in the past year (4,555/100,000 persons) compared to
one hospitalization (1,561/100,000 persons) (Table A in S1 File, Figs 1 and 2). The CDI inci-
dence was also higher for emergent hospitalizations within the past three months (6,594/
100,000 persons) than for non-emergent hospitalizations (2,989/100,000 persons) and treat-
and-release ED visits (2,840/100,000 persons). The healthcare exposure in the past three
months with the highest CDI incidence was among people living in the community who were
admitted to a skilled nursing facility after a hospitalization (no NH / yes SNF 7,762/100,000),
followed by emergent hospitalization, and surgery (6,172/100,000). The healthcare exposures
in the top three for PAR% were any hospitalization in the last year (70.5%), an emergent hospi-
talization in the past three months (48.5%), and invasive procedure in the past three months
(38.9%).
The CDI incidence by age was lower than the overall CDI incidence for all age groups other
than 81–85 and>85 years old (Fig 2, Table A in SI File). Only the>85 age group had a CDI
incidence greater than any individual comorbidity irrespective of the age. Likewise, the only
infection with a lower CDI incidence than these two age groups was otitis media, and all
healthcare exposures had a higher CDI incidence than all age groups. Stratifying all comorbidi-
ties, infections, and healthcare exposures by age and hospital exposures in the past three
months indicate hospital exposure is a better marker to identify populations at risk for CDI
than age, with emergent hospitalization being the key exposures (Figs 3 and 4, Tables B and C
in S1 File). In general, CDI incidence and PAR% increase with increasing age, but the propor-
tional differences in CDI incidence and PAR% for emergent hospitalization versus non-emer-
gent hospitalization and no hospitalization is much greater than between the age categories.
Discussion
The purpose of this study was to develop a more complete understanding of specific subpopu-
lations at risk for CDI. These are essential data needed to design targeted CDI prevention strat-
egies and to develop and assess CDI control policies that may impact CDI risk in the
population. We used an innovative approach to identify target populations for CDI prevention
interventions, focusing not just on the incidence of CDI within certain subpopulations, but
also on the PAR%, which takes into account both the incidence of disease (i.e. CDI) and the
prevalence of exposures/subpopulations (i.e. comorbidities, acute infections, healthcare utiliza-
tion) within the population. PAR% was instrumental in determining the impact of smoking on
lung cancer risk, leading to targeting of prevention efforts to reduce lung cancer by reducing
smoking [18,19]. From the perspective of identifying populations to target for surveillance and
prevention efforts, focus on a combination of high incidence and high PAR% exposures is
likely to be most effective, since surveillance and prevention efforts will be focused not just on
populations most likely to benefit (i.e. high incidence), but also on exposures that account for a
high proportion of CDI cases [19].
Among the many informative findings of this study, the primary one is that markers of
overall debility (i.e. deficiency anemia and fluid and electolyte disorders) and acuity of illness,
in addition to recent infections, are keys to identifying populations at risk for CDI. The CDI
CDI PAR%
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incidence of the comorbidities was relatively modest compared to infections and healthcare
exposures, and none of the comorbidities typically found to have strong associations with CDI
in the hospital setting (e.g. congestive heart failure, cancer, renal failure, chronic lung disease)
were amongst the conditions with the highest CDI incidence [20,21]. Conversely, deficiency
anemia and fluid and electrolyte disorders, indicators of overall debility, were among the
comorbidities with the highest PAR%.
The importance of overall debility and acuity of illness in identification of populations at
higher risk for CDI is further supported by the healthcare exposure and age results. The health-
care exposures with the highest CDI incidence were those associated not only with a recent
hospitalization, but a recent emergent hospitalization. The PAR% for an emergent hospitaliza-
tion within the three months prior to CDI was almost 50%. For all comorbidities and health-
care exposures, the CDI incidence and PAR% were higher for people with a recent emergent
hospitalization compared to a non-emergent hospitalization. This is likely a reflection that peo-
ple with emergent hospitalizations have a high severity of underlying illness due to an acute
condition and often have infections and/or are at increased risk for developing infections. In
contrast, people with non-emergent hospitalizations are typically admitted for elective proce-
dures, and therefore are healthy enough for the elective procedure. Consistent with this, this
trend did not always hold when comparing non-emergent hospitalizations to people who had
no hospitalization, again indicating it is important to take into account the circumstances sur-
rounding the hospitalization when identifying people at high risk for CDI.
At face-value, it may seem counter intuitive that age by itself may not be an ideal marker to
identify populations at risk for CDI among the elderly. A dose-response relationship between
age and CDI incidence and PAR% exists, but this relationship was not as strong as the associa-
tion between CDI and emergent hospitalization or CDI and infection. In this study there were
213,500 people>85 years old, the age category with the highest CDI incidence (1,330/100,000)
and PAR% (18.3%). In comparison, there were 73,779 people with an emergent hospitalization
(6,514/100,000 and 48.5% CDI incidence and PAR%, respectively) and 117,127 people with a
urinary tract infection (3,632/100,000 and 40.5%, respectively). Targeting CDI prevent efforts
to these two groups would prevent more CDI than targeting people greater than 85 years old,
but fewer people would be need to be exposed to the intervention.
The conditions associated with the highest CDI incidence not surprisingly were acute infec-
tions. Six of the infections evaluated had a CDI incidence higher than the healthcare exposure
with the highest CDI incidence (Fig 1, Table A in S1 File). Infections are associated with a high
acuity of illness, and people who are debilitated are at increased risk for infection. In addition,
antimicrobials are used to treat infections, and antimicrobial exposure is indisputably the
greatest risk factor for CDI [22]. The association of CDI with previous gastroenteritis is less
clear. We could not determine from the administrative data alone if the previous episode coded
as gastroenteritis was actually undiagnosed CDI, or if gastroenteritis was due to another cause
and asymptomatic C. difficile colonization was subsequently detected and coded as CDI [23].
Alternatively, some data indicate gastroenteritis due to causes other than C. difficilemay pre-
dispose to CDI [24]. Two infections of particular note from our study are pneumonia and
Fig 3. CDI incidence and CDI population attributable risk percent (PAR%) of comorbidities (A), infections
within 3 months of CDI (B), and healthcare exposures within 3 months of CDI (C) stratified by age.
Comorbidities and infections were limited to those with a top three PAR%. No NH / No SNF = people without
a nursing home or skilled nursing facility exposure within 3 months of CDI; Yes NH / No SNF = nursing home
residents without a skilled nursing facility exposure within 3 months of CDI; No NH / Yes SNF = people
without a nursing home exposure but with a skilled nursing facility exposure within 3 months of CDI; Yes NH /
Yes SNF = nursing home residents.
doi:10.1371/journal.pone.0146822.g003
CDI PAR%
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urinary tract infection. These infections had the highest PAR% (35.2% and 40.5%, respectively)
among acute infections, and are commonly treated with cephalosporins and fluoroquinolones,
antimicrobials associated with the highest risk for CDI [22].
This study utilized the Medicare 5% random sample, an administrative claims database.
Advantages are that the data are collected in a similar fashion and the cohorts are large and
representative of the US population>65 years of age, and use of administrative data to identify
CDI has been validated [25]. Limitations include reliance on coding data without an assess-
ment of the patient’s clinical course. Efforts were made to minimize risk of temporally misclas-
sifying an event that occurred after CDI as an exposure. In addition, the Medicare 5% random
sample lacks data on inpatient antimicrobial exposures, outpatient antimicrobial exposures
among people who do not have part D, and laboratory results and vital signs in all settings.
Availability of antimicrobial exposure and vital sign data would help identify the impact of spe-
cific antimicrobials and acuity of illness on CDI incidence and PAR%. The results of this study
may not be generalizable outside of the US as well.
A major strength of analysis of the Medicare 5% random sample is that these data allowed
for a population-based approach to identify specific subpopulations at high risk for CDI. This
is particularly important as<25% of CDI cases have onset within a hospital [4]. Also, identify-
ing individuals at risk for CDI based on a multitude of risk factors is complex, not always feasi-
ble operationally, and it is not always clear what to do once the individual is identified [26]. A
population based approach allows for focus on easily identifiable characteristics, which can
facilitate implementation of subpopulation-based CDI prevention interventions.
A unique feature of this study was use of PAR% in addition to CDI incidence to identify
subpopulations at risk for CDI. When used in combination, these epidemiological tools can be
leveraged to identify key subpopulations to target interventions. This is demonstrated visually
with Fig 2, where potential desirable target populations can be quickly identified based on the
size of the population (x-axis), incidence of CDI (y-axis), and size of the bubble (PAR%). In
some respects we applied PAR% outside of its traditional context, in which there is a direct
cause and effect relationship between the exposure and outcome being examined (e.g. smoking
and lung cancer). The PAR% represents the anticipated decrease in the outcome if the exposure
were completely removed from the population. Along these lines, the subpopulations were ana-
lyzed without risk adjustment of the PAR% for a subpopulation. The goal of this study was to
determine if there were readily identifiable subpopulations to which prevention efforts could
be targeted. Risk adjustment is not necessary to accomplish this, and would make identification
of subpopulations significantly more complicated.
The broader context we applied to the calculation of PAR% for CDI was done purposefully.
There is a C. difficile vaccine currently in phase III study, with others in development [27].
Although deficiency anemia is unlikely to be in the causal pathway for CDI, it is likely a marker
for people at increased risk for an emergent hospitalization and/or antimicrobial exposure, and
therefore may be a marker to identify populations where there are both individual (high inci-
dence condition) as well as population (high PAR%) benefits to vaccination. Examples of
other high-value targets for vaccination we identified would be emergent hospitalizations,
Fig 4. CDI incidence and CDI population attributable risk percent (PAR%) of comorbidities (A), infections
within 3 months of CDI (B), healthcare exposures within 3 months of CDI (C), and age stratified by hospital
exposures (D) in the three months prior to CDI. Comorbidities and infections were limited to those with a top
three PAR%. No NH / No SNF = people without a nursing home or skilled nursing facility exposure within 3
months of CDI; Yes NH / No SNF = nursing home residents without a skilled nursing facility exposure within 3
months of CDI; No NH / Yes SNF = people without a nursing home exposure but with a skilled nursing facility
exposure within 3 months of CDI; Yes NH / Yes SNF = nursing home residents
doi:10.1371/journal.pone.0146822.g004
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pneumonia, and urinary tract infections. The results of this study can also be used to design
and implement other CDI prevention interventions. Antimicrobials are frequently initiated in
the ED, and the PAR% for treat and release ED visits was 22.3%. Antimicrobial stewardship
programs typically focus on the hospital setting, but including the ED in antimicrobial steward-
ship activities may be beneficial in regards to preventing CDI. The same argument applies to
antimicrobial stewardship programs that target pneumonia and urinary tract infection diagno-
sis and treatment, which could lead to large reductions in CDI incidence in the population
because of the high PAR% for these infections.
Past research has focused on CDI incidence and independent risk factors for CDI. Although
this approach will identify subpopulations at increased CDI risk, it may miss opportunities to
maximize CDI prevention efforts by not taking into account the prevalence of the risk factors.
The PAR% adds to our understanding by identifying specific subpopulations that account for a
large proportion of CDI cases. Attributable risk measures provide a public health dimension to
the appraisal of risks and assist in maximizing the effectiveness of prevention efforts by focus-
ing on not just high risk but highly exposed populations [19,28]. Using the combination of
exposure prevalence, CDI incidence, and PAR%, we found that many populations often con-
sidered targets for CDI prevention account for a relatively low proportion of total CDI cases.
Based on the Medicare data, specific subpopulations that are easily identifiable could be tar-
geted for high-impact, cost-effective CDI prevention interventions. These potential high
impact subpopulations include people with deficiency anemia, congestive heart failure, fluid
and electrolyte disorders, urinary tract infections, pneumonia, emergency department visits (in
particular if it leads to a hospitalization), and/or invasive procedures. Necessary next steps are
to design and implement interventions to prevent CDI based upon targeting these populations.
Supporting Information
S1 File. Database descriptions. Table A in SI File: Prevalence of comorbidities, infections,
healthcare exposures, and age groups; CDI incidence and population attributable risk percent
(PAR%) of comorbidities, infections, healthcare exposures, and age groups. Table B in S1 File:
Prevalence of comorbidities, infections within 3 months of CDI, and healthcare exposures
within 3 months of CDI and CDI incidence and population attributable risk percent (PAR%)
of comorbidities, infections within 3 months of CDI, and healthcare exposures within 3
months of CDI stratified by age. Table C in S1 File: Prevalence of comorbidities, infections
within 3 months of CDI, and healthcare exposures within 3 months of CDI and CDI incidence
and population attributable risk percent (PAR%) of comorbidities, infections, healthcare expo-
sures, and age stratified by hospital exposure within 3 months of CDI.
(DOCX)
Acknowledgments
We would like to thank L. Clifford McDonald, MD, Centers for Disease Control and Preven-
tion for his advice and input.
Author Contributions
Conceived and designed the experiments: ERDMAO. Performed the experiments: ERD MAO
DS. Analyzed the data: ERDMAO DS. Contributed reagents/materials/analysis tools: ERD
MAO DS CPK DNG YYX CM. Wrote the paper: ERDMAO DS CPK DNG YYX CM.
CDI PAR%
PLOSONE | DOI:10.1371/journal.pone.0146822 February 9, 2016 12 / 14
References
1. Lucado J, Gould C, Elixhauser A. Clostridium difficile Infection (CDI) Hospital Stays, 2009. HCUP
Staistical Brief #124. Agency for Healthcare Research and Quality, Rockville, MD 2012; http://www.
hcup-us.ahrq.gov/reports/statbriefs/sb124.pdf.
2. McDonald LC, Killgore GE, Thompson A, et al. An epidemic, toxin gene-variant strain ofClostridium dif-
ficile. N Engl J Med 2005; 353:2433–2441. PMID: 16322603
3. Magill SS, Edwards JR, Bamberg W, et al. Multistate point-prevalence survey of health care-associated
infections. N Engl J Med 2014; 370:1198–1208. doi: 10.1056/NEJMoa1306801 PMID: 24670166
4. Lessa FC, Mu Y, BambergWM, et al. Burden of Clostridium difficile infection in the United States. N
Engl J Med 2015; 372:825–834. doi: 10.1056/NEJMoa1408913 PMID: 25714160
5. Dubberke ER, Olsen MA. Burden of Clostridium difficile on the healthcare system. Clin Infect Dis 2012;
55 Suppl 2:S88–S92. doi: 10.1093/cid/cis335 PMID: 22752870
6. Dubberke ER, Butler AM, Reske KA, et al. Attributable outcomes of endemicClostridium difficile-asso-
ciated disease in nonsurgical patients. Emerg Infect Dis 2008; 14:1031–1038. doi: 10.3201/eid1407.
070867 PMID: 18598621
7. Vital Signs: Preventing Clostridium difficile Infections. MMWRMorb Mortal Wkly Rep 2012; 61:157–
162. PMID: 22398844
8. Campbell RJ, Giljahn L, Machesky K, et al. Clostridium difficile infection in Ohio hospitals and nursing
homes during 2006. Infect Control Hosp Epidemiol 2009; 30:526–533. doi: 10.1086/597507 PMID:
19419272
9. Poole C. A history of the population attributable fraction and related measures. Ann Epidemiol 2015;
25:147–154. doi: 10.1016/j.annepidem.2014.11.015 PMID: 25721747
10. Chitnis AS, Holzbauer SM, Belflower RM, et al. Epidemiology of community-associatedClostridium dif-
ficile infection, 2009 through 2011. JAMA Intern Med 2013; 173:1359–1367. doi: 10.1001/
jamainternmed.2013.7056 PMID: 23780507
11. Zilberberg MD, Shorr AF, Kollef MH. Increase in adult Clostridium difficile-related hospitalizations and
case-fatality rate, United States, 2000–2005. Emerg Infect Dis 2008; 14:929–931. doi: 10.3201/
eid1406.071447 PMID: 18507904
12. Zilberberg MD, Tabak YP, Sievert DM, et al. Using electronic health information to risk-stratify rates of
Clostridium difficile infection in US hospitals. Infect Control Hosp Epidemiol 2011; 32:649–655. doi: 10.
1086/660360 PMID: 21666394
13. Bateman BT, Rassen JA, Schneeweiss S, et al. Adjuvant vancomycin for antibiotic prophylaxis and risk
of Clostridium difficile infection after coronary artery bypass graft surgery. J Thorac Cardiovasc Surg
2013; 146:472–478. doi: 10.1016/j.jtcvs.2013.02.075 PMID: 23541855
14. Kuntz JL, Johnson ES, Raebel MA, et al.Clostridium difficile infection, Colorado and the northwestern
United States, 2007. Emerg Infect Dis 2012; 18:960–962. doi: 10.3201/eid1806.111528 PMID:
22608207
15. Kuntz JL, Chrischilles EA, Pendergast JF, Herwaldt LA, Polgreen PM. Incidence of and risk factors for
community-associated Clostridium difficile infection: A nested case-control study. BMC Infect Dis
2011; 11:194. doi: 10.1186/1471-2334-11-194 PMID: 21762504
16. Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable fractions. Am J Public
Health 1998; 88:15–19. PMID: 9584027
17. Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. Third ed. Philadelphia: Lippincott Wil-
liams &Wilkins, 2008.
18. Levin ML. The occurrence of lung cancer in man. Acta Unio Int Contra Cancrum 1953; 9:531–541.
PMID: 13124110
19. Northridge ME. Public health methods—attributable risk as a link between causality and public health
action. Am J Public Health 1995; 85:1202–1204. PMID: 7661224
20. Dubberke ER, Reske KA, Yan Y, Olsen MA, McDonald LC, Fraser VJ.Clostridium difficile—associated
disease in a setting of endemicity: identification of novel risk factors. Clin Infect Dis 2007; 45:1543–
1549. doi: 10.1086/523582 PMID: 18190314
21. Muto CA, Pokrywka M, Shutt K, et al. A large outbreak of Clostridium difficile-associated disease with
an unexpected proportion of deaths and colectomies at a teaching hospital following increased fluoro-
quinolone use. Infect Control Hosp Epidemiol 2005; 26:273–280. PMID: 15796280
22. Cohen SH, Gerding DN, Johnson S, et al. Clinical practice guidelines for Clostridium difficile infection
in adults: 2010 update by the society for healthcare epidemiology of America (SHEA) and the infectious
diseases society of America (IDSA). Infect Control Hosp Epidemiol 2010; 31:431–455. doi: 10.1086/
651706 PMID: 20307191
CDI PAR%
PLOSONE | DOI:10.1371/journal.pone.0146822 February 9, 2016 13 / 14
23. Cunha BA, Thekkel V, Eisenstein L. Community-acquired norovirus diarrhoea outbreak mimicking a
community-acquiredC. difficile diarrhoea outbreak. J Hosp Infect 2008; 70:98–100. doi: 10.1016/j.jhin.
2008.06.001 PMID: 18621444
24. Bignardi GE, Staples K, Majmudar N. A case of norovirus andClostridium difficile infection: casual or
causal relationship? J Hosp Infect 2007; 67:198–200. PMID: 17884245
25. Goto M, Ohl ME, Schweizer ML, Perencevich EN. Accuracy of administrative code data for the surveil-
lance of healthcare-associated infections: a systematic review and meta-analysis. Clin Infect Dis 2014;
58:688–696. doi: 10.1093/cid/cit737 PMID: 24218103
26. Dubberke ER, Yan Y, Reske KA, et al. Development and validation of aClostridium difficile infection
risk prediction model. Infect Control Hosp Epidemiol 2011; 32:360–366. doi: 10.1086/658944 PMID:
21460487
27. Ghose C, Kelly CP. The Prospect for Vaccines to Prevent Clostridium difficile Infection. Infect Dis Clin
North Am 2015; 29:145–162. doi: 10.1016/j.idc.2014.11.013 PMID: 25677708
28. Walter SD. The estimation and interpretation of attributable risk in health research. Biometrics 1976;
32:829–849. PMID: 1009228
CDI PAR%
PLOSONE | DOI:10.1371/journal.pone.0146822 February 9, 2016 14 / 14
